To examine the incidence and nature of emergency department (ED) presentations for nonfatal suicide-related behaviours (SRBs) over time, in boys and girls living in Ontario. We hypothesize declining rates (fiscal years [FYs] 2002/03 to 2006/07) ceased thereafter owing to renewed regulatory warnings against prescribing antidepressants and the economic recession.
Limitations
• We lacked measures of integration between community and hospital-based services.
• SRB hospital records do not identify suicidal intent.
• Presentations to the ED for SRB do not represent SRB in the general population.
S uicide-related behaviours are defined as self-inflicted injuries or self-poisonings with suicidal, undetermined, or no suicidal intent. 1, 2 Hereafter, SRB refers to nonfatal acts and suicide, fatal acts. In Canada, suicide is the second leading cause of death in youth, representing almost onequarter of all deaths in those aged 15 to 19 years. 3 A hospital presentation for SRB is a strong risk factor for suicide in males and females. [4] [5] [6] In a comprehensive review, Owens et al 7 found that within 1 year of a hospital presentation for SRB, 16% of people of all ages will repeat and about 2% will die by suicide. Studies specific to younger populations have found that, compared with their population-based peers, the risk of mortality among those presenting to hospital with SRB is 3 to 4 times higher than expected, particularly for suicide (10 to 20 times higher). 8, 9 While both SRB and suicide onset in youth, there are distinct sex differences. SRB rates are higher in girls and peak in youth. [10] [11] [12] [13] [14] [15] In contrast, suicide rates are higher in boys 16, 17 and this sex difference persists into adulthood. Among Canadians ages 15 to 24 who die by suicide, almost three quarters are males (with a similar proportion in older age groups). 18 Although the reasons for this gender paradox, 19 first evident in youth, are not fully understood, one theory is girls may provide more opportunities to intervene, for example, through (repeat) ED presentations for SRB. [20] [21] [22] Ideally, though, the need for such presentations could be prevented through integrated community and hospitalbased services. [23] [24] [25] [26] [27] [28] [29] To inform the development and targeting of preventive interventions, we assess whether there have been changes over time in hospital presentations for SRB in boys or girls.
From the literature, it is unclear whether ED presentations for SRB have changed over the past decade in boys or girls. A time trends study (all ages) in 6 hospitals in England from 2000 to 2007 found ED SRB rates declined by 21% in males and 14% in females (in keeping with reported declines in suicide rates). 30 Nevertheless, these rates (and in the subgroup who self-poisoned) were stable among youth aged 12 to 19 years in another study from these same 6 hospitals from 2000 to 2006. However, AD prescribing in the United Kingdom for youth decreased after the UK medicines and health care products regulatory authority warnings (December 2003). 31 Thus an increase in ED SRB rates in response to the warnings in the United Kingdom may not have been captured as presentations to hospitals outside these 6 sites were not measured. Further, such data do not distinguish between suicide attempts and nonsuicidal self-injury. Thus suicide attempt rates may have increased but been dampened by inclusion of nonsuicidal selfinjury. More and more, the importance of distinguishing suicidal from nonsuicidal intent in youth and over time is en contrôlant les changements dans la population sous-jacente (âge, taille de la communauté, et quintile de revenu du quartier). Nous avons examiné la nature des présentations de l'incident (de référence) avec le temps en fonction de la ou aux méthodes utilisées, et des événements survenus avant et après l'incident de référence.
Résultats :
Les taux d'incidence des CLS en SU ont diminué de 30 % chez les garçons et filles dans les EF 2002/03 à 2006/07, mais pas par la suite. Cette tendance était la plus évidente chez les filles qui s'empoisonnaient elles-mêmes et dans les présentations à l'hôpital des filles ayant une maladie mentale l'année précédente. Dans l'année suivant l'événement de référence, la proportion des filles ayant des présentations répétées de CLS en SU a également diminué d'environ un tiers, mais au-delà des EF 2005/06 à 2009/10. Cependant, la proportion admise subséquemment à l'événement de référence a augmenté d'environ un tiers. Chez les garçons, les modèles de présentations de maladie mentale à l'hôpital et la répétition des CLS avec le temps étaient semblables à ceux des filles, mais étaient estimés avec une plus grande variabilité.
Conclusions :
Bien que la baisse des taux de CLS en SU jusqu'à EF 2006/07 soit encourageante, l'absence de diminution par la suite et une augmentation des hospitalisations subséquentes justifient une surveillance et une évaluation permanentes.
recognized. 32, 33 Several countries experienced increases in youth suicide rates after the warnings (and ensuing media attention) against prescribing ADs to youth. 34 In Manitoba, suicide rates increased by 25% in youth after the Health Canada regulatory warnings and hospital admissions for SRB (and depression) in youth did not change. 35 Still, in the province of Alberta, Newton et al 36 found the number of ED SRB pediatric presentations (predominately adolescent) decreased by 25% over FYs from 2003/04 to 2006/07. Also, declines in ED SRB rates (all ages) were observed in Ireland between 2003 and 2006 and thought to reflect effective interventions for reducing the risk of repeat events. However, subsequent hospital admissions were not considered. Coinciding with the economic recession, in Ireland there were successive 10% increases in ED SRB rates for males in 2007 and 2008, reducing sex differences. 37 Also, in December 2006, the US FDA extended their 2003 warnings. 38 Taken together, we hypothesize that ED SRB rates declined in youth prior to 2006, but not thereafter, owing to renewed warnings and the economic recession. However, this possibility has yet to be investigated in Canadian boys and girls.
Accordingly, we examined ED SRB rates in Ontario between 2002 and 2010, in boys and girls. Ontario is advantageous for studying ED SRB presentations, given near complete coverage of the population and all hospitals submit such ED data. As ED SRB rates in youth are positively associated with age, inversely related to neighbourhood income, and higher in rural areas, 39 we adjusted the rates for yearly variations in these factors. To better characterize trends, we examined the nature of the incident (index) presentations over time in terms of the method(s) used and events occurring before and after the index event. More specifically, we examined the proportions who presented to hospital with a mental illness in the year before and at the time of the index event; were subsequently admitted (for any reason); and had a repeat ED SRB presentation in the following year.
Method

Study Design and Setting
We studied the incidence and nature of ED SRB presentations over time in Ontario. All youth (aged 12 to 17 years) living in Ontario from April 1, 2002, to March 31, 2011 (that is, from FY 2002/03 to FY 2010/11), identified in the RPDB formed the underlying cohort (n = 2 502 017). Coverage of youth in the RPDB is near complete owing to universal medical insurance. 40 Youth with an initial ED SRB (index) event (described below) during this time frame were identified in the cohort. Youth who died at the time of the index event (n < 6) were excluded from the cohort. Youth with an index event (n = 15 739) were then followed 1-year forward in time to identify a repeat ED SRB event. Youth who died or moved out of the province during follow-up (n = 266) were excluded from further follow-up. For ease, the term sex is used with the caveat that SRB have social and biological determinants and dichotomous measures are limited. 41 Data access was granted through the ICES. Our study was approved by the Research Ethics Board of St Michael's Hospital.
Measures
Social and Demographic Factors
Age and sex were drawn from the RPDB. Community size and neighbourhood income quintile were created using a person's residential postal code in each year and the Statistics Canada postal code conversion file. 42 For both measures, residential characteristics are determined by where a person lives, that is, his or her dissemination area. 42 Community size was defined as 1 500 000 or more; 500 000 to 1 499 999; 100 000 to 1 499 999; 10 000 to 99 999; or 10 000 or less (rural); or missing. Neighbourhood income quintile was calculated for each dissemination area according to the mean income per person equivalent (household income, adjusted for household size). Then the dissemination areas were ranked, within cities, towns, or rural or small town areas, and the populations of each divided into approximate one-fifths to create income quintiles.
The SRB Index Event
The index SRB event was defined according to self-inflicted poisoning or injury code(s) in any ED diagnostic field in the NACRS. 43, 44 The following ICD-10-CA codes were used: X60 to X84.
The Nature of the SRB Index Event
The nature of the SRB index event was described according to the method(s) used and specific events occurring in the year before and afterwards. SRB method was defined according to the ICD-10-CA code(s) as poisoning only (X60 to X69); cut or pierce only (X78) or other only (X70 to X77; X79 to X84); or multiple (more than one of these methods). 45 Events before or after the SRB index event were identified as past and current hospital presentations with mental illness. Among youth with an index event, we identified these presentations according to ED and (or) hospital inpatient stay records. A past presentation was identified in the year before the index event. A current presentation was identified at the time of the index SRB ED presentation and (or) in a subsequent inpatient stay. For ED presentations, mental illness was defined according to ICD-9 230 to 319 or ICD-10 F00 to F99 codes in any NACRS diagnostic field. An inpatient stay with mental illness was defined using the Canadian Institute for Health Information DAD 46, 47 and the OMHRS 48 and defined as: a most responsible diagnosis of mental disorder (ICD-10-CA F00 to F99) and (or) main patient service of psychiatry or pediatric psychiatry in the DAD or an inpatient stay (in an adult psychiatric bed) captured in OMHRS.
An inpatient admission (for any reason) subsequent to the index event was identified within the DAD or OMHRS.
Repetition was defined as at least 1 repeat ED presentation for SRB in the year following the index SRB event.
Analysis
We calculated and graphed person time incidence rates of ED SRB presentations and 95% confidence intervals by FY (excluding subsequent repeat events) in girls and boys. Negative binomial regression was then used to test whether rates declined over time but then either became level or increased. In particular, we compared rates in time 2: FYs 2006/07 to 2010/11 to time 1: FYs 2002/03 to 2005/06 and then the yearly trend, between FYs 2006/07 to 2010/11 adjusted for age, neighbourhood income, or community size in boys and girls. Unadjusted and adjusted rates, RRs, and 95% confidence intervals were estimated for boys and girls. Among those with an index event, we described the nature of these events with proportions (and corresponding 95% confidence intervals) of girls and boys who used specific methods and events occurring before or after the index event over time. Figure 1 shows these rates over time in boys and girls. Overall, the rates decreased over time in both boys and girls. Further, the rates seem parallel-that is, neither group seemed to be experiencing a greater decrease over time than the other. As such, the rates remain higher in girls in every year studied.
Results
ED SRB Incidence Rates Over Time
The results from modelling the rates over time in girls and boys are shown in Table 1 . The RRs indicated that across all models rates were about 30% lower in time 2, compared with time 1. However, (not shown in Table 1 ) when we examined the yearly trend between FYs 2006/07 and 2010/11, there was little change in the rates in girls or boys. In each of the analyses, adjustments for age, community size, or neighbourhood income had minimal impact on the results.
Nature of the SRB Presentations Over Time
Hospital Presentations With Mental Illness
Among boys and girls with an index event, Figure 2 depicts youth presenting to hospital in the past year with mental illness and corresponding 95% confidence intervals. Overall, 24.3% of girls and 22.4% boys presented with past mental illness. The pattern of these presentations over time was similar to that observed in the ED SRB incidence rates. In girls, between FYs 2002/03 and 2005/06, in each year the proportion is lower than in the previous year and these 95% confidence intervals do not overlap with those in FY 2002/03. However, this changes in FY 2006/07. Thereafter, the proportions no longer decreased and are comparable with FY 2002/03. In boys, we found a similar pattern; however, all the 95% confidence intervals overlap. At the time of the index event, in both girls and boys, almost all presented with mental illness (that is, about 90%) and this did not vary considerably over time.
ED SRB Method
The bulk of index events were due to self-poisoning (74.1% in girls and 62.2% in boys). In girls, the next most common method was cut or pierce injuries (22.3%) and in boys, cut or pierce injuries (22.0%) and other methods (16.8%). Other methods were infrequent in girls (4.7%) and multiple methods, rare in both sexes. In girls, the proportion with self-poisonings decreased between FY 2002/03 and 2005/06 (from 78.5% [95% CI 74.2% to 82.9%] to 67.7% [95% CI 63.4% to 72.2%]). Thereafter, the proportion numerically increased reaching 75.4% (95% CI 70.3% to 80.8%) in 2010/11. The opposite pattern was observed in cut or pierce injuries which increased between FYs 2002/03 and 2005/06 from 18.5% (95% CI 16.5% to 20.7%) to 27.2% (95% CI 24.5% to 30.2%) but then numerically decreased to 22.4% (95% CI 19.6% to 25.4%) in 2010/11. In contrast to girls, the proportion of boys with self-poisoning or cut or pierce injuries remained fairly constant over time. However, other Figure 3 shows the proportion with a subsequent inpatient admission and (or) a repeat ED SRB presentation and corresponding 95% confidence intervals. Among girls, the proportion admitted to hospital increased between FYs 2005/06 and 2010/11, from a low of 31.6% to a high of 41.7%, a proportional increase of almost one-third. The proportion of girls with a repeat event declined from 16.5% in FY 2002/03 to around 11% to 12% between FYs 2006/07 and 2009/10, again by about one-third. Among boys, we found that after the index event, the proportion of boys admitted to hospital also (numerically) increased over time between FYs 2005/06 and 2010/11 (from 31.7% to 40.3%) by about one-third. However, the 95% confidence intervals overlapped. Similar to girls, the proportion of boys who had a repeat event within 1 year after the index event (numerically) decreased between FYs 2002/03 and 2009/10 by about one-third; but the 95% confidence intervals overlapped.
Subsequent Events
Discussion
Our study confirmed our hypothesis that ED SRB presentation rates decreased by 30% in boys and girls to FY 2006, but not in later years. These findings were not altered by yearly variations in the underlying population structure (age, community size, or neighbourhood income). When we examined the nature of the index ED SRB presentations, we found this pattern was most evident in girls who selfpoisoned and was also apparent in girls' presentations to hospital with mental illness in the preceding year. Within 1 year of the index event, the proportion of girls who had a repeat ED SRB also declined by about one-third, but beyond FYs 2005/06 to 2009/10. However, the proportion admitted subsequent to the index event increased beyond FYs 2005/06 to 2010/11 by about one-third. In boys, their methods differed somewhat from girls and over time; still, their pattern of presentations to hospital with mental illness and SRB repetition over time were similar to girls, but estimated with greater variability. Overall, it is reassuring that ED SRB rates declined over time in girls and boys from FYs 2002/03 to 2006/07 and were robust to the population structures noted. However, the lack of a continued decline in the rates, along with an increase in the proportion subsequently admitted, merit consideration, along with the study limitations.
Limitations
We did not have measures of provider-or organizationlevel integration between community and hospitalbased services. We are unable to discern whether such mechanisms may have influenced ED SRB rates over time.
Further, we did not examine whether the 30% reduction in ED SRB rates prior to FY 2006/07 was offset by these youth presenting to the ED with mental illness rather than SRB. This possibility seems less credible, though, given that in the year before the index event, the direction of the trends in their hospital presentations with mental illness were in the same (not opposite) direction as their future index ED SRB presentations. Like previous studies, our measures of SRB do not enable us to identify the intent of these behaviours. This information is not (yet) collected in NACRS or in the ICD classification system. We studied presentations to the ED for SRB as most who present to the ED with SRB are not admitted. Still, these presentations do not represent SRB in the general population of youth. Thus it is unclear whether the time trends in our study apply to youth with SRB in the general population. The Youth Risk Behavior Surveillance Survey conducted in the United States reported the prevalence of youth with a past-year 
Interpretation of Findings
Below we identify some possible explanations of why ED SRB rates declined prior to FY 2006/07, but not thereafter, along with an increase in the proportion subsequently admitted. Reductions in youth suicide rates have been observed in Canada over time, especially in male youth. 3, 34 Perhaps the same factors influencing suicide rates over time (more boys) are relevant to SRB, including suicide attempts (more girls). Over the past decade, there has been a concerted effort by numerous organizations to reduce stigma about mental illness and seeking help directed to the general public and youth. [50] [51] [52] [53] [54] Given mental disorders are major determinants of SRBs 55, 56 to the extent that youth sought and benefited from treatment, the incidence and repetition of SRB may have been prevented. Possibly related, reductions in the consumption of alcohol and its misuse among youth may have contributed to declines in these behaviours. 34 Reasons why ED SRB rates stopped declining after FY 2006/07 may be Ontario-specific and (or) reflect broader influences. For example, in Ontario note that in March 2006, regions or Local Health Introduction Networks were introduced to better plan, fund, and integrate health services locally. 57 Local Health Introduction Networks may have helped to offset potential increases in ED SRB rates owing to broader influences, that is, the effects of the regulatory warnings and (or) economic recession. Regarding the warnings, we wonder whether there was a lagged effect in ED SRB rates. That is, some youth may have stopped (or tapered) treatment between FYs 2004/05 and 2006/07, contributing to future index ED SRB presentations (with proportionately more admissions, but fewer ED SRB repetitions). Prior work and our study indicate that a fair portion of youth who present to the ED with SRB received some form of medical care in the past 2 years. 24 Further, the added FDA warnings in 2006 may have influenced physicians and patients. Lastly, the recession may have contributed to preventing a continued decline in ED SRB rates after 2006 in Ontario youth. The (all ages) increases in ED SRB rates found in Ireland 37 and in suicide rates documented in England, 58 other European countries 59 and US adults 60 are thought to be recession-related. While the mechanisms for youth are unclear, stress about income loss and any added expense of treatment likely burdened youth and their families.
Conclusions
In Ontario, presentations to the ED for SRB in youth decreased by 30% in boys and girls from FYs 2002/03 to 2006/07 but then stabilized up to and including FY 2010/11. This pattern was not altered by yearly variations in the underlying population structure (age, community size, or neighbourhood income). While the declining ED SRB rates from FYs 2002/03 to 2006/07 are encouraging, it will be important to monitor and evaluate the lack of decline thereafter along with increases in subsequent hospital admissions in boys and girls, in relation to the underlying population and etiologic factors, including the delivery and receipt of supports and services.
